. Plot of the peak potential difference (E) between the small peak (see the two arrows in Figure S2a ) and the phase transition peak corresponding to the electrolyte pH. Figure S6 shows that the small peak in the double layer region is reversible when the potential is continuously cycled between 0.48 and 0.54 V RHE , in contrast to the hysteresis observed using the whole potential window.
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S2. Computational methods
All of the calculations were performed using the Vienna Ab initio Simulation Package (VASP) 4 with the Generalized Gradient Approximation (GGA) PBE exchange correlation functional 5 and the projector-augmented-wave (PAW) method. 6 The plane wave energy cutoff was 450 eV. Pt (111) and Pd ML Pt(111) surfaces were modeled using a slab consisting of a (3x3) unit cell. After verifying energy convergence with respect to atomic layers we decided to use 6 atomic layers for Pd ML Pt(111) and Pt(111), in this way providing a convergence criterion of adsorption energies to  0.05 eV. The k-point sampling grids used for both surfaces were ( 6 x 6 x 1) using Monkhorst-Pack grids. [4] [5] [6] [7] To simulate the bulk, the first two atomic layers were kept fixed at the PBE optimized lattice 
Gibbs Free Energy of Adsorption
The change in free energies of adsorption were calculated using the hypothetical chemical reaction 1, following equation 2. A(g) is a gas phase molecule, * is the surface and *A is the adsorbed species on the surface.
[5] * = * where is the relative energy from the optimization extrapolated to 0 K (sigma → 0) where x refers to either *A, A(g) or (*), ZPE is the zero-point energy and TS is the entropy contribution at 298.15 K. For the gas phase molecules, the entropy includes all the contributions, translational, rotational and vibrational, and was obtained from standard thermodynamic tables. 11 For the adsorbed species, the entropy includes only the vibrational contributions and it was calculated using statistical mechanical equations within the harmonic oscillator approximation. 12 These contributions were obtained by performing a vibrational analysis within the VASP code using the finite differences method. Within this method only the adsorbed species are displaced in all directions while the slab is kept fixed.
To obtain the solution phase free energy of water from the DFT calculated gas phase water we corrected the energy by adding -0.087 eV to the TS term. 13 This represents the difference between the free energy of formation of gas phase water and liquid phase water at 298.15 K.
The potential dependence of all the proton-coupled electron transfer reactions was calculated using the computational hydrogen electrode (CHE) model, 13 where at equilibrium and standard conditions (0V and a pressure of 1 atm), the protons in solution and the electrons in the electrode (H + (aq) , e -) are in equilibrium with H 2 (g), as shown in the following chemical equation:
With this thermodynamic fact we can overcome the computational difficulty of calculating the energy of protons and electrons in DFT and instead calculate the ground state free energy of a H 2 (g) molecule. Half of that energy will then represent the free energy of the coupled proton and electron as shown in eq [6] . 13, 14 The solution phase free energy of perchlorate, sulfate and bisulfate anions were calculated via a thermodynamic cycle combining DFT free energies and tabulated experimental standard redox chemical potentials at standard conditions (298.15 K and 1 atm), as a direct calculation of these anion free energies would be difficult with DFT due to the long length and time scales of the solvation energetics. Using an electrochemical thermodynamic cycle allows us to calculate the solution phase free energy of an anion from a neutral, typically gas phase, species, such that its energy can be accurately determined with DFT as G = ZPE -TS + PV. This is analogous to the computational hydrogen electrode method, except it requires experimentally measured equilibrium potentials, whereas in the computational hydrogen electrode method, the equilibrium potential between hydrogen gas and aqueous protons at standard conditions is defined to be exactly 0 V, i.e., -= -| | ° = 0.
As an example, the solution phase free energy of will be discussed below. Using the following redox equations at standard conditions, we can use the calculated free energy of ClO 2 (g) to calculate the free energy of aqueous perchlorate.
From the equation 7, the free energy can be determined, which can then be used in the second term of the equation is 0 at pH= 0 and at equilibrium . Therefore,
The free energy of equation 7 is
Substituting :
18 [ 11] Similarly, [ 12] Now, the free energy of the proton in solution is calculated following the definition that the standard hydrogen redox potential is set to 0 V on the NHE scale.
Given the previous definitions:
[13] ML water molecules, perturbing the water adlayer and displacing water molecules after its adsorption. In our case the adsorbed perchlorate is solvated with one water molecule.
Adsorption free energies of * OH, *H and *O
Adsorption of hydroxide and water adlayer
The adsorption energy of *OH was calculated within a water bilayer, which constitutes explicit solvation. In this study we used a single water bilayer with a total water species coverage of 2/3 ML, and varied the hydroxide (*OH+*H 2 O) coverage by removing hydrogen from the adlayer. The single water bilayer structure of has been found to be 12 stable on closed packed metal surfaces. [15] [16] [17] Furthermore the good match between the lattice constant of metals and the water layer makes this model attractive for computational electrocatalysis as a good aproximation to account for solvation effects, 13,18-21 especially those coming from the first solvation shell. We can calculate the adsorption energy of *OH in two ways, (i) by using the adsorbed water bilayer as the reference state 18, 22 using eq 19 and (ii) by using solution phase water as the reference state using eq 20. * 2 ⟶ * -( -) 2 + ( + + -) [19] * + 2 ( ) ⟶ * -( -) 2 + ( + + -) [20] In both cases x = 6. Figure S7 shows the adsorption energy of *OH as a function of *OH coverage calculated from either solution phase (H 2 O (aq)) or adsorbed water bilayer (*H 2 O)
as reference state and with and without dispersion corrections for both cases.
We observe that:
1) when referencing adsorbed water, for PBE and PBED3 the adsorption energies are basically the same and do not differ by more than 0.05 (± 0.02) eV, see Table S1 OH (b) and Figure S7 cyan (PBED3) and blue lines (PBE);
2) when referencing solution phase water with PBE, the energies are less favorable (red triangles) than those calculated with PBED3 (velvet diamonds). The difference between these two at the lowest coverage is ~ 1.32 eV and
3) as the *OH coverage increases, the energies tend to converge and do not differ by more than ~0.2 eV independent of the reference state.
As the water-metal interactions are most effected by vdW interactions, 23, 24 Similarly to case 1, the adsorption thermodynamics of the water adlayer on Pt(111) relative to that on Pd ML Pt(111) with vdW corrections does not significantly differ from that obtained without the vdW corrections, in fact the difference in binding strength with vs. without vdW corrections between the two surfaces is ~0.03 eV, with stronger adsorption on Pd ML Pt(111). This is because the stabilization incorporated by the vdW corrections for both surfaces is of the same magnitude, ~ 0.24 eV. Thus, the effect of including vdW corrections is also canceled when using adsorbed water as a reference state in the calculation of our adsorption potentials. In this way the impact of vdW corrections is minimal as shown in Figure S7 on Pd ML Pt(111).
In either case, an appropriate representation of water adsorption is necessary for obtaining accurate DFT adsorption potentials. 
Adsorption of hydrogen and oxygen
The free energies of adsorption of *H, *O were calculated at different coverages using the same 3x3 unit cell by the following equations: 
